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(54) [Title of the Invention] Al Taper Dry Etching Method 
(57) [Abstract] 

[Problem] To provide an Al taper dry etching method for Al used as a wiring material for thin film 
devices such as liquid crystal displays. 

[Means for solving the problem] An Al taper dry etching method based on a resist recession 
method, for obtaining a small Al taper angle; including the steps of forming a resist pattern, having 
a small resist taper angle which corresponds to a desired small Al taper angle, on Al or an Al alloy 
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English Translation of JP H9-279367 
film, and anisotropically dry etching the Al or the Al alloy film having the resist pattern. 
[Scope of Claims] 

[Claim 1] An Al taper dry etching method based on a resist recession method for obtaining a 

small Al taper angle, comprising the steps of : 

forming a resist pattern, having a small resist taper angle which corresponds to a 
desired small Al taper angle, on Al or an Al alloy film, and 

anisotropically dry-etching the Al or the Al alloy film having the resist pattern. 
[Claim 2] The method according to Claim 1, wherein the Al taper angle is less than or equal 

to 60°. 

[Claim 3] The method according to Claim 1, wherein the resist taper angle is less than or 

equal to 80°. 

[Claim 4] The Al taper dry etching method according to Claim 1, wherein in the step of 

forming the resist pattern, subsequent to developing a resist, post-baking is performed at a 
temperature greater than or equal to the temperature of a resist pre-baking. 

[Claim 5] The Al taper dry etching method according to Claim 1, wherein in the step of 

forming the resist pattern, the film thickness of the applied resist is less than or equal to 1.5 \im after 
drying. 

[Claim 6] The Al taper dry etching method according to Claim 1, wherein in the step of 

forming the resist pattern, a focal position at the time of exposure is out of a focal range of an 
exposure unit with respect to a line width of the resist pattern. 

[Claim 7] The Al taper dry etching method according to Claim 1, wherein in the step of 

forming the resist pattern, an amount of exposure at the time of exposure is over-exposure, which is 
more than an ideal amount of exposure. 

[Claim 8] The Al taper dry etching method according to Claim 1, wherein in the step of 

forming the resist pattern, the resolution of an exposure unit is lower than a line width of the resist 
pattern which is formed. 

[Claim 9] The Al taper dry etching method according to Claim 1, wherein in the step of 

forming the resist pattern, a y value for a resist sensitivity curve is less than or equal to 1.5. 

[Claim 10] The Al taper dry etching method according to Claim 1, wherein the dry etching 
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step is performed using a parallel-plate RIE method ionic etching in which high-frequency power is 
applied to a substrate side, or plasma etching in which high-frequency power is applied to a 
substrate side. 

[Claim 11] The Al taper dry etching method according to Claim 10, wherein in the dry 
etching step, a gas pressure at the time of etching is less than or equal to 30 mTorr. 
[Claim 12] The Al taper dry etching method according to Claim 10, wherein in the dry 
etching step, the BCb concentration of an etching gas is 80 to 100%. 

[Claim 13] The Al taper dry etching method according to Claim 10, wherein in the dry 
etching step, at the time of etching, the ratio of the Al etching rate and the resist etching rate is less 
than or equal to 1.0. 

[Claim 14] The Al taper dry etching method according to Claim 10, wherein in the dry 
etching step, a gas which contains a fluorine compound is added to an etching gas. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a processing method for aluminum (Al) or an aluminum 
alloy (hereinafter both referred to as 6 AT) which is used as a wiring material for thin film elements 
such as LSIs and liquid crystal displays. In particular, the present invention relates to a taper dry 
etching method for Al gate wirings and other Al wirings for active matrix liquid crystal displays 
typified by thin film transistors (TFTs). 
[0002] 

[Conventional Art] Conventionally, the minimum line width of patterns for liquid crystal displays 
has been wide, generally 2 to 10 jim or more, unlike that of LSIs, which is 1 jim or less. For gate 
wirings, Cr, Ta, Mo, W, or alloys of these are generally used, because they are easy to process, have 
resistance to chemicals, and so on. However, with the enlargement of screens, increase in 
definition, and so on, signal delay caused by the increase in electrical resistance of gate wirings has 
become a problem. Further, Al gate electrodes with low electrical resistance have become desired 
in order to decrease gate line width and increase aperture ratio of panels as much as possible. 
[0003] Further, aluminum can be processed using nitric acid, phosphoric acid, or acetic acid-based 
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wet etching, or using dry etching which employs a Cl-based gas. Currently, in the case where Al is 
used for a liquid crystal display, wet etching is mainly used. However, from the point of view of 
miniaturizing wirings, ensuring reproducibility, cutting down on waste, and reducing cost, it is 
thought that Al processing will move from wet etching to dry etching, as with LSIs. 
[0004] FIG. 8 is a cross-sectional view of a TFT of a liquid crystal display described on pages 88 
to 99 of 'Flat Panel Displays '91' (published by Nikkei BP, Inc.). In the figure, reference numeral 
1 denotes a substrate formed of glass, quartz, or the like; reference numeral 2 denotes a gate wiring 
formed of Al, Cr, Ta, Mo, W, or the like; reference numeral 3 denotes a gate insulating film formed 
of Si 3 N 4 , Si0 2 , AI2O3, or the like; reference numeral 4 denotes a channel formed of a-Si, poly-Si, or 
the like; reference numeral 5 denotes a source/drain formed of a-Si, poly-Si, or the like which has 
been injected with an impurity such as P or B; reference numeral 6 denotes a source/drain electrode 
formed of Al, Cr, Ta, Mo, W, or the like; and reference numeral 7 denotes a protective film formed 
of Si3N 4 , SiC>2, or the like. This structure is referred to as a channel etch type bottom gate 
structure. 

[0005] The TFT generally has a bottom gate structure such as that shown in FIG. 8, and it is 
necessary for the gate insulating film, the channel, and the like to be formed over the gate wiring. 
Many experiments have made it clear that taking into consideration coverage by films formed over 
the gate wiring, withstand voltage of the gate insulating film, TFT characteristics, and the like, a 
small taper angle 9 of not more than 60°, preferably not more than 40°, is desirable. However, in 
Al dry etching techniques used in LSI technology, since the primary objective is miniaturization to 
1 nm or less, 'tapering' aims for the opposite - verticalization; and generally, the taper angle 9 is 70 
to 90°. 

[0006] As an Al taper dry etching technique, for example, in Japanese Patent Laid-open No. 
S64- 15933, a method which employs two etching steps, vertical etching and over-etching for 
tapering, is described. However, there is a problem in that when over-etching is performed, an 
exposed base (substrate) formed of S1O2, Si 3 N 4 , or the like is also etched. 

[0007] Further, as a taper dry etching method, for example, there is a sidewall formation method 
in which deposition material (a deposit) is actively formed on a sidewall surface of a processing 
film which is etched, to control etching in a lateral direction, and there is a resist recession method 
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in which etching of a resist mask is promoted by adding oxygen or the like to the resist. 
[0008] However, in the sidewall formation method, there are drawbacks in that a surface of a 
taper portion tends to become rough due to the deposition material, and a lot of dust is generated; 
therefore, it is not desirable. Further, there is room for improvement in the conventional resist 
recession method, which has a drawback in that during Al etching, oxygen in the resist causes 
generation of dust. 

[0009] Furthermore, in an isotropic etching method, there is a problem in that etching residue 

tends to be generated. 

[0010] 

[Problems to be Solved by the Invention] In view of the foregoing problems, an object of the 
present invention is to provide an Al taper dry etching technique, which is based on a resist 
recession method, which can make an Al taper angle of an Al gate wiring of a liquid crystal display 
small. Further, an object of the invention is to provide conditions in which Al tapering can be 
realized with as simple a dry etching step as possible, with hardly any problems such as etching of a 
base. 
[0011] 

[Means for Solving the Problems] It was found that for an Al taper dry etching method for 
obtaining a small Al taper angle, it is effective to base the method on a resist recession method. 
[0012] In a resist recession method of the invention, a small resist taper angle is formed without 
adding oxygen to the resist, and a small AJ taper angle is obtained by anisotropic dry etching. 
[0013] An Al taper dry etching method relating to the invention is as follows. 
[0014] An Al taper dry etching method which is based on a resist recession method and which is 
for obtaining a small Al taper angle includes a step of forming a resist pattern having a small resist 
taper angle which corresponds to a desired small Al taper angle and a step of ionic anisotropic 
dry-etching. 

[0015] In the step of forming the resist pattern, it is preferable that subsequent to developing a 
resist, post-baking is performed at a temperature greater than or equal to the temperature of a resist 
pre-baking. 

[0016] A resist application film thickness in the step of forming the resist pattern is preferably less 
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than or equal to 1.5 \xm. 

[0017] In the step of forming the resist pattern, preferably a focal position at the time of exposure 
is out of a focal range of an exposure unit with respect to a line width. 

[0018] In the step of forming the resist pattern, an amount of exposure at the time of exposure is 
preferably over-exposure, which is more than an ideal amount of exposure. 

[0019] The resolution of an exposure unit in the step of forming the resist pattern is preferably 
greater than a line width of the resist pattern which is formed. 

[0020] In the step of forming the resist pattern, preferably a y value for a resist sensitivity curve is 
less than or equal to 1.5. 

[0021] As dry etching, parallel-plate RIE method ionic etching in which high-frequency power is 
applied to a substrate side, or another plasma etching in which high-frequency power is applied to a 
substrate side may be used. 

[0022] A gas pressure in the dry etching step is preferably less than or equal to 30 mTorr. 

[0023] Preferably a main reaction gas of a gas in the dry etching step is BC1 3 and the BCI3 

concentration is 80 to 100%. 

[0024] Preferably the ratio of the etching rates of Al and the resist in the dry etching step is less 
than or equal to 1.0 and the etching rate of the resist is fast. 

[0025] Preferably a fluorine-based gas is added to the gas in the dry etching step. 
[0026] 

[Embodiment Mode of the Invention] The present invention relates to an Al taper dry etching 
method, based on resist recession method, which is for obtaining a small Al taper angle and which 
includes a step of forming a resist pattern having a small resist taper angle and a step of performing 
anisotropic dry etching. 

[0027] In the invention, an Al taper angle refers to an angle 61 which is formed by a taper portion 
(an inclined portion) of an Al gate wiring and a substrate surface, and a resist taper angle refers to 
an angle 62 which is formed by a taper portion of a resist and an upper surface of an Al processing 
film, as shown in FIG 1 (note that reference numeral 1 denotes a substrate, reference numeral 8 
denotes Al, and reference numeral 9 denotes a resist). 

[0028] As a method for making a resist taper angle small there are various methods, such as the 
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following. 

[0029] (1) At the time of forming a resist 

A method of making an aspect ratio (film thickness of resist / line width of resist) small. This 
method can make a resist taper angle small because when the volume of the resist contracts during 
post-baking, the resist is easily pulled in a lateral direction. 
[0030] (2) At the time of exposure 

(a) A method in which a focal position is out of a focal range with respect to a line width of a 
resist. Here, a focal range refers to a range with which an almost vertical resist pattern can be 
formed, and if this range is deviated from, the resist is necessarily tapered. 

[0031] (b) A method in which an amount of exposure is over-exposure, which is more than an 
ideal amount of exposure. This method can make a resist taper angle small because due to optical 
diffraction, a portion of the resist which is not normally exposed is partially exposed, and is 
dissolved in a developing solution. Note that an ideal amount of exposure refers to the amount of 
exposure in a case where reticle (mask) dimensions and resist dimensions accord. 
[0032] (c) A method in which the resolution of an exposure unit is lower than a line width of a 
resist pattern. If the resolution is made lower than the resolution at which a vertical resist pattern 
can be formed (a line width of the resist pattern is made smaller than a line width which can be 
resolved), the resist which is formed will be tapered. 
[0033] (3) At the time of development 

A method in which the solubility of the resist is increased. In this case, this can be achieved by 
adjusting the temperature, concentration, and the like of a developing solution. 
[0034] (4) At the time of post-baking 

A method in which the volume of the resist is made to contract by performing post-baking at a 
temperature which is greater than or equal to the temperature of a pre-baking in a step of drying the 
resist (solvent volatilization) before exposure. In this method, when volatile constituents in the 
resist which were unable to fully volatilize at the time of pre-baking are removed, the volume of the 
resist is made to contract, and as a result, the resist taper angle can be made small. In particular, it 
is advantageous to perform the post-baking at a temperature greater than or equal to the softening 
point of the resist, because then the resist itself is softened and made to flow, so the resist taper 
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angle can be made smaller. 

[0035] The above methods may each be used separately or may be combined as appropriate. 
[0036] Further, conditions for performing the above methods will be described in embodiments 
below. In the invention, in order to obtain a desired small Al taper angle, it is particularly 
preferable that a resist taper angle is less than or equal to 80° as opposed to an Al taper angle which 
is less than or equal to 60°; and for the reason that it improves TFT characteristics of bottom gate 
structures, coverage by a film formed over a gate wiring, and withstand voltage of a gate insulating 
film, that a resist taper angle is less than or equal to 70° as opposed to an Al taper angle which is 
less than or equal to 40°. 

[0037] Note that in the invention, in order to perform the resist recession method, the smaller the 
Al taper angle is to be, the smaller the resist taper angle which corresponds to that which is formed 
before etching is required to be. 

[0038] When anisotropic etching is performed with respect to a resist pattern with a small taper 
angle, because the resist itself is also etched, an Al layer which is in a layer below the resist will 
also have a taper angle, which corresponds to the taper angle of the resist. That is, an angle which 
corresponds to the resist taper angle can be transferred to the Al which is the processing film. 
[0039] Note that when isotropic etching is performed, the Al is etched regardless of the shape, the 
taper angle, and the like of the resist; therefore, it is difficult to realize a small Al taper angle. 
[0040] As anisotropic dry etching, anisotropic dry etching which employs plasma ions is 
preferable, and in terms of ions being incident on a substrate side, a parallel-plate RIE method ionic 
anisotropic etching in which high-frequency power is applied to a substrate is even more preferable. 
For example, a high-density plasma method anisotropic dry etching which is well-known to those 
skilled in the art, such as an ECR method, a helical method, a helicon method, an ICP method, or an 
SWP method, may be performed. 

[0041] As ionic anisotropic dry etching methods for obtaining a small Al taper angle according to 
the invention, there are methods such as the following. 

[0042] (1) A method in which gas pressure at the time of etching is made low. This method 
can make an Al taper angle small because the lower the gas pressure is, the lower the probability 
that ions will collide with each other is and the longer the mean free path of the ions is, so the more 
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the anisotropy of the etching increases. 

[0043] (2) A method in which gas composition at the time of etching includes BCb and Cl 2 . 
This is because in LSI technology, such a gas composition has achieved good results as a Cl?-based 
gas which can etch AJ. In this case, the concentration of the BCI3 is preferably 80 to 100%, 
because this strengthens anisotropic dry etching. 

[0044] (3) A method in which the [Al etching rate/resist etching rate] ratio (AJ/resist selectivity) 

is made small. In FIG 1, if 0i is the AJ taper angle, 82 is the resist taper angle before etching, M is 

the etching rate of the Al, and R is the etching rate of the resist, then M/R is the AJ/resist selectivity, 

and a relational expression tan0i = M/R x tan02 holds true. Therefore, the AJ taper angle can be 

made small, because the Al taper angle is in proportion to the above-mentioned ratio. 

[0045] The above methods may each be used separately or may be combined as appropriate. 

[0046] Note that conditions for performing the above methods are described in the following 

embodiments. 

[0047] 

[Embodiments] 

[Embodiment 1] The present invention is described with reference to the following embodiments; 
however, the invention is not limited to only these embodiments. 

[0048] In the invention, it is necessary to set two sets of conditions: processing conditions for 
forming a resist pattern (a mask) having a small resist taper angle which corresponds to a desired Al 
taper angle, and processing conditions for performing ionic anisotropic dry etching. First, resist 
pattern formation conditions will be described. 

[0049] FIG 2 is a graph which shows the post-baking temperature dependency of a resist taper 
angle which relates to the invention. From the graph, it can be seen that when post-baking is 
performed subsequent to development, the higher the post-baking temperature is, the smaller the 
resist taper angle becomes. This is because when post-baking is performed at a temperature 
greater than or equal to a pre-baking temperature, an organic solvent remaining in the resist which 
was unable to volatilize during pre-baking volatilizes, so the volume of the resist contracts. 
Further, at a high temperature greater than or equal to the softening point of the resist, the resist 
itself softens and weakens (flows). Therefore, the resist is tapered (sometimes referred to as 
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rounded). The temperature of the post-baking is a temperature at which the taper angle of the 
resist can be made small without the accuracy of the resist pattern deteriorating, and although it 
depends on the softening point of the resist (e.g., 140 to 150 °C), a temperature greater than or equal 
to the resist softening point is advantageous for tapering the resist. 

[0050] Next, a small Al taper angle is obtained by a conducting a step in which ionic anisotropic 
dry etching of the Al is performed using the resist pattern with the small taper angle. 
[0051] Film thicknesses of the resist and the Al were 1.5 and 0.25 (jun, respectively, and 
experiments were conducted for resist line widths of 5, 10, and 50 |xm (experiment numbers 1-1, 
1-2, and 1-3, respectively). 

[0052] Dry etching conditions at this time were: a parallel-plate RIE device was used; gas 
pressure was 30 mTorr; gas composition was BCI3/CI2 - 40/10 seem; and power density was 1.4 
W/cm 2 . As shown in FIG. 2, when resist patterns with a post-baking temperature of 180° were 
used in each of experiment numbers 1-1-3, angles of 30 to 60° were obtained as Al taper angles of 
Al films with line widths of 5, 10, and 50 \xm (experiment numbers 1-4-6). 

[0053] As can be noticed from FIG 2, depending on the line width there is a large difference in 
resist taper angles after post-baking. The larger the line width, the smaller the resist taper angle 
that can be obtained. Therefore, the line width is preferably greater than or equal to 10 urn. The 
reason for this is that the smaller the aspect ratio of the resist film thickness and the line width is, 
the more easily a pattern end is pulled in a lateral direction when the volume of the resist contracts 
and the more easily the resist is tapered. 

[0054] Further, in the volume contraction at the time of post-baking, if the aspect ratio of the 
resist film thickness and the line width is related to the resist taper angle, it can be considered that 
the resist taper angle is also related to the resist film thickness in respects other than the post-baking 
temperature. If tapering is easier when the aspect ratio is smaller, then given the same line width, 
the thinner the resist film thickness is, the smaller the taper angle will be. 

[0055] FIG 3 is a graph which relates to the invention which shows the resist application film 
thickness dependency of the Al taper angle after post-baking. In order to obtain as small a resist 
taper angle as possible, results for a post-baking temperature of 180° are shown. The Al film 
thickness was 0.25 nm and the resist line widths were 5, 10, and 50 ^m (experiment numbers 
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1-7-9). A taper angle of less than or equal to 60° was obtained no matter what resist application 
film thickness or line width was used. As previously mentioned, the thinner the resist film 
thickness, the smaller the resist taper angle that was obtained. In particular, it is even more 
effective for Al tapering when the resist application film thickness is less than or equal to 1.5 |xm; 
preferably, 0.5 to 1.0 ^m. 

[0056] Note that in the method where resist tapering employing volume contraction is promoted 
by post-baking the resist subsequent to development, line width dependency is large for the 
above-mentioned reason. Further, tapering is difficult when the line width is small. Accordingly, 
a method in which resist tapering is performed immediately after development without using 
post-baking is preferable. 

[0057] As other methods for obtaining a small resist taper angle, the following methods can be 
considered. If a focal position at the time of exposure deviates from a focal range of an exposure 
unit with respect to that line width, defocusing occurs and a vertical pattern cannot be formed. 
Therefore, as a result, the resist is tapered even immediately after development. Note that the 
depth of focus is in proportion to wavelength/(lens aperture ratio) 2 . 

[0058] Further, even if the amount of exposure at the time of exposure is overexposure which 
exceeds an ideal amount of exposure by several tens to several hundreds of per cent, due to optical 
diffraction, a part which is not normally exposed is also exposed to some degree, and is dissolved in 
a developing solution; therefore, even immediately after development, the resist is tapered. Note 
that with overexposure, line widths of the resist pattern become narrower. Therefore, it is 
necessary to design a mask (a reticle) which allows for this narrowing. 

[0059] Further, in a case where a line width of the resist pattern is narrower than the resolution of 
an exposure unit, since a vertical pattern cannot be formed, the resist is tapered even immediately 
after development. Note that generally resolution is defined as the minimum line width for which 
an almost vertical pattern can be formed; therefore, it does not mean that in an isolated pattern such 
as a gate wiring, a line width less than the resolution cannot be formed. In a case where a line 
width is predetermined, to decrease the resolution of the exposure unit, since the resolution is in 
proportion to [wavelength/lens aperture ratio NA], the lens aperture ratio NA is set at approximately 
0.1, for example (normally a higher NA is preferable, so it is not set below the necessary minimum). 
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Further, it is preferable to make an exposure wavelength a long wavelength which is longer than g 
and h lines of an Hg lamp which is a light source used in the manufacture of liquid crystal displays. 
[0060] FIG 4 is a graph which conceptually shows the relationship between the amount of 
exposure and the rate of remaining film for the resist (a resist sensitivity curve). The rate of 
remaining film for the resist, indicated by the vertical axis, refers to [resist thickness after 
development/resist thickness before development]. A tan0 value of a tangent angle 8 which is 
formed by the resist sensitivity curve and the horizontal axis (a logarithmic axis) which indicates 
the amount of exposure is referred to as a y value. Currently, the y value of resists commonly used 
for liquid crystal displays (e.g., TFR-B (manufactured by Tokyo Ohka Kogyo Co., Ltd)) is 
approximately 1.8. The higher this value is, the easier it is to form vertical resist patterns. 
Conventionally, in cases where miniaturization is the aim, as in LSI, development of resist materials 
and process development have been conducted such that the y value is greater than or equal to 2, for 
the purpose of pattern verticalization. An ideal (vertical) resist sensitivity curve is indicated by A 
in FIG 4. The invention is a method of reducing the Al taper angle 0i to the curve B or the curve 
C. In cases where tapering is the aim, tapering becomes easy if conditions such as a 
photosensitive group and a base resin of the resist material, a pre-baking temperature, a pre-baking 
time, a developing solution, a developing temperature, and a developing time are selected such that 
the y value is less than or equal to 1.5, preferably, 0.5 to 1.5 (e.g., a pre-baking temperature of 70 to 
130 °C, and a pre-baking time of 30 seconds to one hour). For example, means such as using a 
substance with poor resist sensitivity; making the resist pre-baking temperature higher or lower than 
a suitable temperature; lowering the resist sensitivity by decomposing the photosensitive base of the 
resist by, for example, increasing the pre-baking time; increasing the concentration of the 
developing solution or making the temperature of the developing solution higher or lower than the 
usual temperature (which is for example, 23 °C), to increase the solubility of a portion of the resist 
which is not exposed; and/or overdeveloping to promote tapering, can also be combined as 
appropriate. 

[0061] Note that the above methods are not ideal conditions for use in conventional etching 
processes; therefore, caution is necessary, as pattern accuracy, reproducibility, and the like tend to 
be reduced. However, in the case of a gate wiring of a liquid crystal display, usually the line width 
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is a large one of greater than or equal to 5 ^.m, so there is no need for accuracy such as that in LSI 
and the like; and further, the case of pixel design in which gate wirings can be handled as an 
isolated pattern often occurs; therefore, the above methods can be performed. 

[0062] [Embodiment 2] Next, conditions for promoting Al tapering by ionic anisotropic dry 
etching will be described. In order to realize anisotropic etching, gas pressure during the etching is 
extremely important. The lower the gas pressure, the lower the probability that ions will collide 
with each other and the longer the mean free path of the ions; and thus, anisotropic etching is easily 
realized. 

[0063] FIG 5 is a graph showing the gas pressure dependency of the Al taper angle during etching. 
Experiments were conducted on resists with line widths of 5, 10, and 50 n.m (experiment numbers 
2-1-3) and gas pressures were 15, 30, and 60 mTorr. The post-baking temperature for the resist 
was 180 °C, resist film thickness was 1.5 ^m, gas composition was BCI3/CI2 - 40/10 seem, and 
power density was 1.4 W/cm 2 . 

[0064] It can be seen from the graph that the lower the gas pressure is, the easier tapering is; in 
particular, to make a taper less than or equal to 60° at any of the line widths, 30 mTorr or less 
(preferably, 15 mTorr or less) is preferable. Note that in the case of a high gas pressure of 60 
mTorr, because etching changes from ionic anisotropic etching to radical isotropic etching, in the 
case of an Al alloy film such as AlSiCu or the like, the shape of a taper portion tends to become 
rough at a grain boundary, and etching residue of additives with low vapor pressure such as Cu tend 
to remain on the substrate. 

[0065] [Embodiment 3] Further, gas composition is also very important in the promotion of 
anisotropic dry etching. 

[0066] FIG 6 is a graph showing the gas composition dependency of the Al taper angle during 
etching. Gas pressure during etching was 30 mTorr, and other conditions other than the gas 
composition were the same as those of Embodiment 2 (experiments for resist line widths of 5, 10, 
and 50 jim were given experiment numbers 3-1, 2, and 3, respectively). Concerning gas 
composition, BCI3 and Cl 2 are common, because they are chlorine-based gases that can etch Al. In 
this case, when the BCI3 concentration is high, a sedimentary property (a deposition property) is 
added to the dry etching to some degree, and an etched Al sidewall surface is protected, which has 
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an effect of preventing etching in a lateral direction, thus strengthening anisotropic etching. 
Meanwhile, when the BC1 3 concentration is low, there is no sedimentary property with respect to 
the etched Al sidewall surface, and lateral etching progresses just due to contact with Ch; therefore, 
etching tends to become isotropic etching. Further, a problem where the shape of the taper portion 
roughens at a grain boundary tends to occur. In this embodiment, the Al taper angle in the case 
where the BCI3 concentration was 60% looks small in the graph; however, in actual fact, the shape 
of the taper portion was rough and very uneven (the taper angle was not uniform), and the pattern 
did not have linearity; therefore, it was unusable. Accordingly, preferably BCI3 concentration is 
80 to 100%. 

[0067] Further, as a gas which has a sedimentary property (a deposition property) which promotes 
anisotropic etching of Al, besides BC1 3 , a similar effect can also be anticipated with SiCU* 
[0068] [Embodiment 4] The basic concept of the invention is based on a resist recession method. 
Accordingly, during Al etching the resist which is the mask is etched at the same time. 
[0069] FIG 7 is a graph showing the resist taper angle dependency of the Al taper angle before 
etching, calculated from the ratio of the resist etching rate and the Al etching rate (AJ/resist 
selectivity) during anisotropic etching. Results for Al/resist selectivities of 0.2, 0.5, 0.8, 1.0, 1.5, 
and 2.0 are indicated by 4-1-6, respectively. When the Al/resist selectivity during etching is 1, 
the Al taper angle and the resist taper angle before etching are the same; however, when the 
Al/resist selectivity was less than 1, Al tapering was promoted. Conversely, when the Al/resist 
selectivity was more than 1, verticalization of the Al was promoted. Accordingly, etching 
conditions which promote the etching rate of the resist such that the Al/resist selectivity is less than 
1 are preferable for Al tapering. 

[0070] As a method which promotes resist etching, adding a gas which etches the resist but which 
does not etch Al, such as O2, CF 4 , SF6, or the like, to an etching gas can be considered. 
[0071] The effect in the case where CF4 was added to the etching gas for the Al taper angle was 
examined. Experiments were conducted with a post-baking temperature of 180 °C, a resist film 
thickness of 1.5 jxm, and line widths of 5, 10, and 50 |xm (experiment numbers 4-7-9). Here, CF4 
was added at a proportion of approximately 30% with respect to the total flow of the reaction gases 
BCI3 and Cb. Results are shown in Table 1. 
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Table 1 
[0072] 



Resist line width 
(fxm) 


Al taper angle when 
CF 4 is added (°) 


Al taper angle when CF4 
is not added (°) 


5 


53 


60 


10 


45 


56 


15 


29 


30 



[0073] It can be seen that by promoting the resist etching rate, Al tapering is accelerated, at 
whichever line width. In commonly used resist recession methods 0 2 is added in order to 
accelerate the etching rate of the resist. However, in Al etching, the reaction gas BCI3 and the O2 
react and form an oxide of B, which causes generation of dust within a device, and the number of 
element defects increases; therefore, O2 cannot be used. Accordingly, it is effective to add a gas 
which contains fluorine, such as CF 4 or SF6, from which the same effect of promoting the resist 
etching rate can be expected. 

[0074] Further, using the Al taper dry etching method of this embodiment, an AlSiCu alloy gate 

with a very small taper angle of approximately 20° was obtained as an Al taper angle. 

[0075] 

[Effects of the Invention] According to the invention, by providing conditions for reducing a resist 
taper angle, conditions for ionic anisotropic etching, and conditions for promoting tapering, a resist 
pattern with a small taper angle can be transferred to Al, and an Al taper angle of 60° or less can be 
obtained. Accordingly, an effect whereby improvement of coverage by a film formed over an Al 
gate wiring, withstand voltage of a gate insulating film, and TFT characteristics can be contributed 
to is achieved. 

[Brief Description of the Drawings] 

[FIG 1] A figure illustrating an Al taper angle and a resist taper angle. 

[FIG 2] A graph which shows the post-baking temperature dependency of a resist taper angle 
according to Embodiment 1 of the invention. 

[FIG 3] A graph which shows resist application film thickness dependency of an Al taper angle 
according to Embodiment 1 of the invention. 
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[FIG 4] A graph which shows a resist sensitivity curve of Embodiment 1 of the invention. 
[FIG. 5] A graph which shows gas pressure-dependency of an Al taper angle during etching 
according to Embodiment 2 of the invention. 

[FIG 6] A graph which shows gas composition-dependency of an Al taper angle during etching 
according to Embodiment 3 of the invention. 

[FIG 7] A graph which shows resist taper angle-dependency of an Al taper angle of Embodiment 
4 of the invention. 

[FIG 8] Across-sectional view showing a TFT structure of a liquid crystal display. 
[Reference Numerals] 

1 substrate, 2 gate wiring, 3 gate insulating film, 4 channel, 5 source/drain, 6 source/drain electrode, 
7 protective film, 8 Al, 9 resist. 
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